Exact eigenstates of the parallel coupled double quantum dots attached to the non-interacting leads taken in zero-bandwidth limit are analytically obtained in each particle and spin sector. The ground state of the half-filled system is identified from a four dimensional subspace of the twenty dimensional Hilbert space for different values of tunable parameters of the system viz. the energy levels of the quantum dots, the interdot tunneling matrix-element, the ondot and interdot Coulomb interactions and quantities like spin-spin correlation between the dots, occupancies of the dots are calculated. In the parameter space of the interdot tunneling matrix-element and ondot Coulomb interaction, the dots exhibit both ferromagnetic and antiferromagnetic correlation. There is a critical dependency of the interdot tunneling matrix-element on the ondot Coulomb interaction which leads to transition from the ferromagnetic correlation to the antiferromagnetic correlation as the interdot tunneling matrix-element is increased. The ferromagnetic and antiferromagnetic correlations also exist in the absence of interdot tunneling matrix-element through indirect exchange via the leads. The interdot Coulomb interaction is found to affect this dependency considerably. *
I. INTRODUCTION
The Hamiltonian H dqd describes the isolated DQD system
where the hybridization parameter V l iσ has been assumed to be k-independent. The DQD system described by H zbw in equation (2) can accommodate up to N = 8 electrons and the case N = 4 electrons correspond to half-filling. The Hamiltonian in eq. (2) is invariant under the sourcedrain exchange i.e. symmetric under the transformation s ↔ d and also invariant under dot-1 and dot-2 exchange ı.e. symmetric under the transformation 1 ↔ 2. For the four-site Hamiltonian H zbw described in eq. (2) to be symmetric [23] [24] [25] [26] and the chemical potential in the two leads as ε s F = ε d F ≡ ε F , the Fermi energy, corresponding to the equilibrium situation [18, 20] . This enables one to transform the fermionic operators of the leads to their symmetric, antisymmetric combinations [17] and the Hamiltonian in eq. (2) reduces to a three-plus-one site problem (the antisymmetric combination of lead operators decouples) [19] .
In the one-electron situation, as is evident, the ondot and interdot interactions do not play any role. The eigenvalues of the above one-electron Hamiltonian matrix labeled as λ One of the eigenvectors is given as λ 3,1
(|1 1e − |2 1e ) and corresponds to the antisymmetric combination of the dot states. The other two eigenstates labeled by j = 2, 3 are given as λ Fermi levels of the leads are set at ε F = 0 zero and the dot levels below it ε < ε F the ground state in this subspace is given by λ 3,2 ξ0 . In the limit V → 0, the eigenvalues reduces to λ This subspace may be labeled as ξ ≡ (N, S, S z ) = (2, 0, 0). With total spin of the two electron S = 0 zero, it corresponds to a singlet case. The basis states are spatially symmetric and anti-symmetric in spin. The Hilbert space dimensionality in this subspace is six and the basis states are given as |1 2e = |i , |2 2e = |ī , |3 2e = |Ξ , |4 2e =
|0 , |6 2e = |l . The notations |i , |ī , |Ξ and |l are defined in B. The Hamiltonian matrix over the basis becomes
Two of the eigenvalues of the above matrix are given as λ (∆ + R) |2 2e + 4V |5 2e .
Where ∆ = ε − ε F + t + U , R = √ ∆ 2 + 16V 2 and the states |2 2e = 1 √ 2 (|1 2e − |2 2e ),
(|4 2e − |5 2e ). The remaining eigenstates can be found by diagonalizing the following 4 × 4 matrix over the basis |3 2e , |1 2e ≡
(|4 2e + |5 2e ) and |6 2e :
where ε 1 = 2ε + g, ε 2 = 2ε + U , ε 3 = ε + ε F + t. The four eigenvalues labeled as i = 3, 4, 5, 6 are obtained as λ
Where k 1 , m 1 and n 1 can be obtained from A using parameters
The coefficients C j,i ξ are given by C
). In this subspace the ground state of the two-electron system is given by λ 3,3 ξ . In the limit V → 0 with ε F = 0, one can obtain the eigenvalues of the isolated DQDs as λ
ξ = 0 appear due to increased dimensionality of the Hilbert space due to hybridization with the leads. This subspace may be labeled as ξ ≡ (N, S, S z ) = (2, 1, 1). With total spin of two-electrons equal to one, it corresponds to triplet case. For the non-magnetic case it is sufficient to consider the subspace S z = 1. The basis states are symmetric in spin and antisymmetric with respect to their spatial indices. The Hilbert space is just three dimensional with basis states |7 2e = |σ ,
The Hamiltonian matrix over the basis is given as
The eigenvalues of the above 3 × 3 matrix can be easily obtained by performing the transformation of the states |8 2e and |9 2e as
The one of the eigenvectors is given as λ 3,7 ξ = |9 2e and the other two labeled by j = 8, 9 are given as λ
where α j = −1 for j = 8 and α j = +1 for j = 9. If the Fermi levels of the leads are set at ε F = 0 zero and the dot levels below it ε < ε F the ground state in this subspace is given by λ This subspace may be labeled by the triad ξ 1 ≡ (N, S, S z ) = 3, 
|l . Where |Ξ , |Θ , |σ , |i , |ī and |l are defined in B. The Hamiltonian matrix over the basis is given as
where ε 2 = 3ε + U + 2g, ε 4 = ε + 2ε F . The above matrix under the basis transformation
(|7 3e − |8 3e ), block diagonalizes into two 4 × 4 matrices of which one defined over the basis |1 3e , |3 3e , |4 3e , |7 3e is given as 
Where k 2 , m 2 and n 2 can be obtained from A using
are given by
The coefficients C j,i ξ1 in a compact form are given as C
Where
The other 4 × 4 matrix defined over the basis |2 3e , |5 3e , |6 3e , |8 3e is given as
The corresponding normalized eigenvectors λ 3,i ξ1 are given as
The coefficients C j,i ξ1 are given as C
). The ground state of this subspace λ 
Infinite U → ∞ limit
The eigenstates calculated for the subspace ξ 1 ≡ (N, S, S z ) = 3,
in previous section III D 1 do not consider any limiting case for any of the system parameters. In this section we consider the infinite ondot Coulomb interaction U → ∞ limit to calculate the eigenstate of the Hamiltonian H 3−site for the same subspace. Considering U → ∞ limit we see that the Hilbert space dimensionality reduces from eight to four as the basis states |3 3e , |4 3e , |5 3e and |6 3e having the double occupancy on the dots are eliminated. Thus we have to consider only four dimensional Hilbert space with basis states |1 3e , |2 3e , |7 3e and |8 3e . The Hamiltonian matrix over the reduced four dimensional Hilbert space becomes
The above matrix under the basis transformation |7 3e = 1 √ 2 (|7 3e + |8 3e ) and
(|7 3e − |8 3e ), block diagonalizes into two 2 × 2 matrices of which one defined over the basis |1 3e , |7 3e is given by
The eigenvalues are given as λ
with α j = −1 for j = 1 and α j = +1 for j = 2. The corresponding eigenvectors are given as
The other 2 × 2 matrix defined over the basis |2 3e , |8 3e is given by
where ε 4 , a 
It can be seen that if the Fermi levels of the leads are set equal to zero i.e. ε F = 0 and ondot energies taken below it ε < ε F , the ground state corresponds to λ ξ1,∞ . The four particle ground state of the complete zero bandwidth Hamiltonian H zbw for U → ∞ case can be found by adding an electron to the one particle ground state of the Hamiltonian H 1−site (given in section III B) and combining it with the ground state λ
3,3
ξ1,∞ to form a singlet with total spin S = 0. Thus, the only ground state of the Hamiltonian H zbw in the U → ∞ limit is given by λ
. It is found that the spin-spin correlation between the dots in this ground state given by
is always ferromagnetic.
The only eigenstate and corresponding eigenvector in this subspace is given as H 3−site |9 3e = (2ε + ε F ) |9 3e where |9 3e = α † s↑ |σ .
E. Four electron eigenstates of H3−site Hamiltonian
This subspace may be labeled by the triad ξ 2 ≡ (N, S, S z ) = (4, 0, 0). The Hilbert space for the four-electron in the S 2 -symmetry adapted basis with total spin S = 0 is six dimensional. The basis states are given as
Where e 1 = 2ε + g + 2ε F , e 2 = 3ε + U + 2g + ε F , e 3 = 4ε + 2U + 4g and e 4 = 2ε + U + 2ε F . The above matrix under the basis transformation
(|5 4e − |6 4e ) block diagonalizes into two matrices, one 4 × 4 and other 2 × 2. The 4 × 4 matrix defined over the basis |1 4e , |2 4e , |4 4e , |5 4e is given as
with e 2 = e 2 − t. The eigenvalues of the above matrix labeled by i = 1, 2, 3, 4 are obtained as λ
where a 4 = − (e 1 + e 2 + e 3 + e 4 ). The values y i are given by corresponding to the eigenvalues λ
3,i
ξ2 are given as
The coefficients C j,i ξ2 are given by C
and
). The other 2 × 2 matrix defined over the basis |3 4e , |6 4e is given as
The eigenvalues are given as λ This subspace may be labeled by ξ 2 = (N, S, S z ) = (4, 1, 1). The Hilbert space is three dimensional. The basis states are given as
The Hamiltonian matrix over the above three dimensional Hilbert space becomes
where e 1 = 3ε + U + 2g + ε F , e 3 = 2ε + g + 2ε F . The above matrix can be easily diagonalized by performing the transformation |7 4e = = |7 4e and the other two labeled by k = 8, 9 as
The ground state in this subspace is given by λ
.
F. Five electron eigenstates of H3−site Hamiltonian
With five electron (N = 5) on three site, the only possible total spin is S = 1/2. The subspace may be labeled as ξ 3 = (N, S, S z ) = (5, 1/2, +1/2). The Hilbert space is three dimensional. The basis states are given as
Hamiltonian matrix over the Hilbert space is given as (|2 5e − |3 5e ) and λ
|2 5e where 
G. Six electron eigenstate of H3−site Hamiltonian
With six electron in the system, the only possible total spin is S = 0 and there is only one basis state which is also the eigenstate of the Hamiltonian H 3−site given as H 3−site |1 6e = (4ε + 2U + 4g + 2ε F ) |1 6e where |1 6e = α † s↑ α † s↓ |D .
IV. SPIN-SPIN CORRELATION FOR THE HALF-FILLED CASE
Using the eigenstates of the Hamiltonians H 3−site and H 1−site obtained analytically above, we now calculate spin-spin correlation S 1 · S 2 between the quantum dots for the half-filled case i.e. N = 4 where S 1 and S 2 are the spins associated with dot-1 and dot-2, respectively. For the nonmagnetic case, the ground state λ and ξ2 = (4, 0, 0) are the set of quantum numbers (N, S, Sz) labeling the eigenstates in N particle sector; S and Sz being the total spin and its z-component, respectively.
Where the symbols |i (ī) , |σ (σ) , |Θ , |Ξ and l l represents states on the dots and the leads respectively, has been defined in B. At zero temperature, the spin-spin correlation between the dots corresponding to four possible ground states is calculated as λ can have a maximum value 2 due to the doublet |D in eq. (17) and the spin-spin correlation S 1 · S 2 leading to antiferromagnetic correlation between dots to a maximum value of − labeled by η = 1, 2, 3, 4 listed in Table I . The coefficients given in the rows corresponding to η = 1, 2, 3, 4 i.e. C 1,3
etc. are given in equations (9), (10), (11) and (13) respectively. The symbols ξ0 = 1, and ξ2 = (4, 0, 0) are the set of quantum numbers (N, S, Sz) labeling the eigenstates in N particle sector; S and Sz being the total spin and its z-component, respectively.
In the non-interacting case (i.e. U = 0 and g = 0) the possible ground states are listed in the  Table III . The explicit expression for them can be easily found, for the case when Fermi levels in the leads are set at ε F = 0 and the dot levels below it ε < ε F , the ground state in this case corresponds to the eigenvalue λ 5 ξ2,0 is given by
where
. The spin-spin correlation between the dots in this ground state becomes
If the spins S 1 and S 2 associated with the dots are considered as the spins decoupled from the leads, the two dots can form a singlet (S = 0) or a triplet (S = 1) and the spin-spin correlation 
The eigenstates λ and ξ2 = (4, 0, 0) are the set of quantum numbers (N, S, Sz) labeling the eigenstates in N particle sector; S and Sz being the total spin and its z-component, respectively.
Thus as the limiting case spin-spin correlation between the dots for our four-site half-filled case are bounded as − 
V. NUMERICAL RESULTS
The numerical calculations are done using analytical expressions for the eigenstates in Table I and spin-spin correlation in Table II for the half-filled case. The hybridization of the dots with the leads V is usually kept as weak as possible so that the number of confined electrons are prevented from strong fluctuations [4] . We fixed the Fermi energy of the leads at ε F = 0 V and dot energies at ε = −5V i.e. below the Fermi level so as to further prevent the fluctuations in the confined electron number, taking the hybridization V as the smallest parameter, the unit of energy. In Fig. 2(a) we plot spin-spin correlation between the dots S 1 · S 2 as a function of interdot tunneling matrixelement t and ondot Coulomb interaction U at fixed value of the interdot Coulomb interaction g = 0 V . The spin-spin correlation between the dots can be classified into two regions identified as having ferromagnetic ( S 1 · S 2 > 0) and antiferromagnetic ( S 1 · S 2 < 0) correlations. It is observed that the ferromagnetic correlation between the dots takes place for U |ε| ≥ t. The ferromagnetic correlation attains its maximum value S 1 · S 2 ≈ 1 4 for small values of interdot tunneling matrix-element t ∼ V . Different type of spin-spin correlation between the dots in the half-filled case, listed in Table II , can be understood with the help of corresponding many-body ground state in the total spin S = 0 subspace, listed in Table I . Ferromagnetic correlation between the dots takes place when each dot has an average occupancy of one-electron with parallel spins. The other two-electrons are present on the leads with their spins anti-parallel to the dot spins so as to give total spin S = 0. Such a configuration for the state is favored when ondot Coulomb interaction is large U |ε| > t so as to avoid double occupancy on the dots. In the ferromagnetic region shown in Fig. 2(a) , the average occupancy of the two dots in the corresponding region is nearly one n i ≈ 1, as can be seen from Fig. 2(b) for dot-1 (since the two dots are identical, we give occupation number of dot-1 only). Figure 2(c) shows values of integer η corresponding to one of the possible ground states listed in Table I , in U -t parameter space. For the ferromagnetic correlation, the ground state of the system is found to correspond to η = 3 and the sign of spin-spin correlation S 1 · S 2 in this state is positive, as seen in Table II . The ferromagnetic correlation can
For the half-filled case with the Fermi energy fixed at εF = 0, the dot energies at ε = −5V and the interdot Coulomb interaction at g = 0V ; in the unit of the hybridization parameter V . In (a) We show the spin-spin correlation S1 · S2 between the dots for the half-filled case as a function of interdot tunneling matrix-element t and ondot Coulomb interaction U . The possible values lie between − . Positive values of S1 · S2 > 0 signifies the ferromagnetic correlation whereas the negative values S1 · S2 < 0 the antiferromagnetic correlation between the dots. (16) is the probability amplitude of the state
s↓ |σ , which has spins on the dots |Θ , |σ and |σ coupled to form a triplet. In U -t parameter space as can be seen from Fig. 2(a) , most of the region corresponds to the antiferromagnetic correlation between the dots ( S 1 · S 2 < 0). The average occupancies n i of the dots varies between 1 and 2 as observed in Fig. 2(b) . For large values of the ondot Coulomb interaction U >> |ε| the dots are singly occupied n i ∼ 1 and for small values U ≤ |ε| the dots can have double occupancies n i ∼ 2. The ground state corresponds to η = 4 in Table I as evident from Fig. 2(c) . From its explicit expression given in the eq. (17) it can be seen that the contribution to spin-spin correlation S 1 · S 2 comes only from first term corresponding to the the coefficient C ξ shows that the electrons on the dots form a singlet |Ξ . The spin-spin correlation can have its maximum value S 1 · S 2 ≈ − 3 4 in U − t parameter space for U |ε| and t V . Interdot tunneling matrix-element t ≈ 0: The two dots in parallel geometry are correlated, directly through the tunneling matrix-element t and indirectly via leads through the hybridization parameter V . Due to this fact the model exhibits correlation between the dots even for vanishing interdot tunneling matrix-element t ≈ 0, as can be seen from Fig. 2(a) . In this case the ondot Coulomb interaction U plays a key role in controlling the occupancies on the dots resulting in fer-romagnetic or antiferromagnetic correlation between the dots. For U ≤ |ε|, the dots can possibly be doubly occupied as the average occupation number on each dot takes values 1 ≤ n i ≤ 2, as can be seen from Fig. 2(b) . The corresponding correlation between the dots is antiferromagnetic as can be seen from Fig. 2(a) . This can be understood by considering a perturbation scheme for a three particle state [17] . If a three particle state contains two-electrons, one on each dot with anti-parallel spins and the third electron on leads; this enables one of the dot electrons to transfer to the leads and then to the other dot (indirect exchange) through the hybridization parameter V . From Fig. 2(c) , we find that the ground state corresponds to the state η = 4 in Table I with the corresponding sign of S 1 · S 2 given in Table II as negative, signifying that the correlation is antiferromagnetic.
As the ondot Coulomb interaction becomes large U |ε|, the dots exhibits ferromagnetic correlation between them. This can again be understood through perturbations considering a three particle state. If a three particle state contains two-electrons, one on each dot (double occupancy avoided due to large U ) and the third electron on the leads. In order to lower the ground state energy, the spins of the electrons on the dots must be aligned parallel (for ferromagnetic correlation to occur) and aligned antiparallel with respect to the lead electrons. The fourth electron is aligned appropriately so that the total spin of the four-electron system is zero, S = 0; such a configuration is clearly seen in the state |2 3e obtained in eq. (11) .
Non-interacting case: In the absence of ondot and interdot interactions i.e. U = 0 and g = 0, the spin-spin correlation between the dots disappears with S 1 · S 2 ≈ 0 for small values of interdot tunneling matrix-element t ∼ V as seen in Fig. 3(a) . However, for large values of the interdot tunneling matrix-element t V , the dots exhibit antiferromagnetic correlation between them as seen in Fig. 3(a) . This behavior of antiferromagnetic correlation is similar for U < |ε|, as shown for three values of ondot Coulomb interaction U = 0.5V, 1V, 2V in Fig. 3(a) . In this situation, two electrons with opposite spins can reside on a dot (Pauli exclusion principle) and the interdot tunneling matrix-element t may cause one of the electrons to transfer to the other dot; occupied by an electron with opposite spin. With increasing interdot tunneling matrix-element t, the spin-spin correlation between the dots attains a maximum value of S 1 · S 2 = − 3 8 , as can be readily verified by explicit expression for S 1 · S 2 for the half-filled case obtained from eq. (19) . This can be clearly observed from Fig. 3(a) or from Fig. 2(a) . In Fig. 3(a) , we also have plotted the spin-spin correlation S 1 · S 2 for very large value of ondot coulomb interaction U = 10 7 ∼ ∞. As now the dots can only be singly occupied, it exhibit ferromagnetic correlation for any value of interdot tunneling matrix element t. The maximum value is found to be S 1 · S 2 ≈ 1 4 cand can be verified through analytical value calculated in eq. (12) in U → ∞ limit. In Fig. 3(b) , we have plotted the spin-spin correlation S 1 · S 2 between the dots as a function of ondot Coulomb interaction U for six different values of interdot tunneling matrix-element t = 0.0, 0.2V, 0.4V, 0.6V, 0.8V, 1.0V in the absence of interdot interaction g = 0. It is observed that the interdot tunneling matrix-element t and the ondot Coulomb interaction U has a critical dependency i.e. for a given value of t there is a critical value of U leading to the transition from antiferromagnetic correlation to ferromagnetic correlation. In Fig. 4(a) , we have plotted the spin-spin correlation S 1 · S 2 between the dots for the half-filled case as a function of interdot tunneling matrix-element t and the ondot Coulomb interaction U at a fixed value of interdot Coulomb interaction g = 5. It is observed that the ferromagnetic correlation in the U − t parameter space corresponding to S 1 · S 2 > 0 occupies large region of space as compared to the antiferromagnetic region S 1 · S 2 < 0. For small values of interdot tunneling matrix-element t V , the dots exhibit antiferromagnetic correlation even for large values of ondot Coulomb interaction U |ε| unlike the g = 0 case in Fig. 2(a) where the dots are correlated ferromagnetically. The interdot Coulomb interaction g restricts the charge transfer between the . Positive values of S1 · S2 > 0 signifies the ferromagnetic correlation whereas the negative values S1 · S2 < 0 the antiferromagnetic correlation between the dots. (b) We show the average occupation of the dot-1 n1 as a function of interdot tunneling matrix-element t and ondot Coulomb interaction U , can have values between 0 to 2. (c) We show the ground state of the half-filled system as a function of interdot tunneling matrixelement t and ondot Coulomb interaction U . The integer value of η identifies one of the possible ground states listed in Table II. In the figure above, blue corresponds to η = 1, yellow to η = 3 and brown to η = 4. dots due to the tunneling matrix-element t and also renormalizes the ondot Coulomb interactions on the two dots. This brings into play the indirect exchange interaction between the dots via the leads through the hybridization parameter V . The ground state of the system in this situation corresponds to η = 1 shown in Fig. 4(c) . From the explicit expression given in Table-II for the spin-spin correlation between the dots calculated using the ground state corresponding to η = 1 in eq. (14), it is seen that the antiferromagnetic correlation depends on the coefficient C 1,3
is the probability amplitude of the state α † a↑ α † a↓ |Ξ clearly showing that the electrons on the dots form a singlet |Ξ . From eq. (9) it is observed that the coefficient C 1,3 ξ depends on the hybridization parameter V allowing antiferromagnetic correlation to take place via leads. From Fig. 4(a) it is observed that the critical dependency of the interdot tunneling matrix-element t on ondot Coulomb interaction U causes alternate change of spin-spin correlation between the dots from antiferromagnetic to ferromagnatic then again to antiferromagnetic. Consequently, the ground state of the system changes from λ as shown in Fig 4(c) .
The corresponding occupancies of the dots is nearly one < n i >≈ 1 as shown for dot-1 in Fig. 4(b) . . Positive values of S1 · S2 > 0 signifies the ferromagnetic correlation whereas the negative values S1 · S2 < 0 the antiferromagnetic correlation between the dots. (b) We show the average occupation of the dot-1 n1 as a function of interdot tunneling matrix-element t and ondot Coulomb interaction U , can have values between 0 to 2. (c) We show the ground state of the half-filled system as a function of interdot tunneling matrixelement t and ondot Coulomb interaction U . The integer value of η identifies one of the possible ground states listed in Table II. In the figure above, blue corresponds to η = 1, yellow to η = 3 and brown to η = 4.
For other higher values of the interdot Coulomb interaction g, the spin-spin correlation S 1 · S 2 between the dots exhibit similar behavior, as seen for g = 5 in Fig. 4 . For the sake of clarity, we also give the plot in Fig. 5 , showing the behavior of spin-spin correlation in U − t parameter space at a fixed value of interdot Coulomb interaction g = 10. It is seen that the region corresponding to ferromagnetic correlation in U − t parameter space in Fig. 5(a) is more than that for g = 5 given in Fig. 4(a) but the value of spin-spin correlation S 1 · S 2 0 is very small. This signifies that the spins on the dots are weakly coupled to form a triplet i.e. the ferromagnetic correlation is weak. This is due to the fact that the interdot Coulomb interaction g causes the occupancies of the dots to be less than one < n i > < 1 as can be seen from Fig. 5(b) . A triplet is formed when each of the dots contain an average of one electron < n i >∼ 1. Thus as the value of interdot Coulomb interaction g is increased further, the occupancies of the dots may go on decreasing. In Fig. 5(c) , the corresponding ground states λ 4,η ξ in U − t parameter space are given by the integer value η. It is seen that the ground states for η = 1 and η = 3 correspond to antiferromagnetic correlation and η = 4 corresponds to ferromagnetic correlation between the dots.
VI. CONCLUSION
The double quantum dot(DQD) system in parallel geometry with leads taken in the zerobandwidth limit has been studied using exact diagonalization. The analytical forms of the eigenstates in each particle and spin sector with quantum numbers (N, S, S z ) are obtained and the ground state in different regions of parameter space is identified from a four dimensional space in the halffilled system. It is observed that out of the four possible ground states listed in Table- I, for a given set of parameters, the system can exist only in one of the three states λ ξ2 . The spin-spin correlation between the dots is calculated for the ground state of the half-filled system. The model calculation shows that depending on the set of values of ondot Coulomb interaction U and interdot tunneling matrix-element t, the spins at the two dots form either a singlet or a triplet. Even in the absence of interdot tunneling matrix-element t, the dots exhibit these two types of correlation through indirect exchange via the leads. The system parameters (U, t) affect the occupancies of the dots in such a way that a large value of ondot Coulomb interaction i.e. U |ε| causes the occupancies of the dots to be restricted to n i 1 whereas the interdot tunneling matrix-element t causes interdot charge transfer. It is the interplay of the above two effects that leads to different spin configurations of the dots. The ferromagnetic and antiferromagnetic configurations exhibit a sharp transition line in (U, t) parameter space. This transition line is affected in the presence of interdot Coulomb interaction g. A very small value of interdot Coulomb interaction compared to the ondot Coulomb interaction g U , leads to significant variation in the transition line. It is also observed that in the absence interactions, only antiferromagnetic correlation between the dots exist. Thus, a singlet or triplet state within DQDs in parallel geometry, can be probed when interactions are present in the system.
